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Abstract

The RHIC gold beamintensity is presentlylimited by
pressurerise at somewarm sections,andthe main cause
is thoughtto betheelectroncloud. For theFY2003RHIC
run, a systemhasbeeninstalledto characterizethe elec-
tron cloud, if it exists. The systemis comprisedof elec-
trondetectors,highvoltagebiassupplies,signalamplifiers,
anddataacquisitionelectronics,all integratedinto theCon-
trols system.The11 detectorsaregroupedinto four loca-
tions,onein aninteractionregionandthreein singlebeam
straightsections.This paperdescribesthesignalprocess-
ing designof the detectorsystem,and includesdatacol-
lectedfrom theFY2003run.

INTRODUCTION

The Relativistic Heavy Ion Collider (RHIC) at
Brookhaven National Laboratoryhaseleven electronde-
tectorsinstalledfor measuringthe electroncloud density
in thebeampipe.Thispaperwill describetheconstruction,
specifications,andtolerancesof theRHIC electrondetec-
tor system.Actual resultsarepresentedanddiscussedasa
verificationof thesystem’s usefulnessasa tool to measure
theelectroncloud.

OPERATIONS

During the FY2002 RHIC Au-Au run, intensity
was limited to �������
	������������������� while running
�
�������������� !�!�#"���$%$ . The limiting factorwasvacuumpres-
sureriseswhich causedthe beamto abort. Thesepres-
sureriseswerelinkedto beamintensityandthoughtto be
causedby thebeaminteractingwith electroncloudsin the
beampipe.Designintensityof RHIC is ���
&'������!�#��������� at
�
�������������� !�!�#"���$%$ . This limitation causedthe machineto
runat justover50%of designintensity.

We arecurrentlyrunningdeuteronon gold(d-Au)colli-
sionsin theFY2003run. For theFY2003d-Au run, inten-
sity hasbeenloweredto avoid electroncloud limitations,
so therehave beenconsiderablylesspressurerise events.
However, duringadedicatedbeamstudiesperiod,intensity
was maximizedto inducepressurerises. A single event
that resembledelectroncloudmultipactingoccurredcoin-
cidentlywith a majorpressurerise.

MachineTiming

At 100GeV, RHIC has a revolution period of
��(*),+!-
.0/��1 1� and therefore a revolution frequency of
2
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+!-4)5�1.�6�7*8:9 . Thereare360RF bucketsaroundthewhole
ring. While we are running 110 buncheswe fill every
third bucket,andleave tenconsecutivespaces(30buckets)
emptyfor the abortgap. The lengthof oneRF bucket is
6
�;) ��60���1 1� . The time from the headof onebunchto the
headof the next is ����<4) �=+#�#���� �� , with a periodicity of
.;) 6�-
6
>?8@9 . Theabortgapis ��) ��<
<#/��1 �� long.

ElectronCloudStructure

Figure 1 shows RHIC electrondetectorsignal corre-
spondingto avacuumpressureriseduringfill 3107.Figure
2 is a wall currentmonitor traceshowing thebunchstruc-
ture for fill 3107. Notice the two groupsof low intensity
buncheswhich causea weaker electroncloudsignal. The
wall currentmonitorsignalis acquiredby ascopesampling
at 4GS/sec. Thereforethe x-axis of figure 2 is ���!A����1 ��
counts.They-axisof figure2 is anarbitraryscaleusedfor
relativebunch-to-bunchmeasurements.Theelectroncloud
signalis sampledat 1GS/sec,so thex-axis in figure1 has
unitsof nanoseconds.Theunitsof they-axisof figure1 are
milli volts,with anarbitraryDC offset.

The data in figure 1 shows the only time that elec-
tron multipactingis thought to have occurredduring the
FY2003 d-Au run. The beamwas lost due to a vacuum
pressureriseabout20secondsafterthedatain figure1 was
taken. Evidently, the scopewassetto too high of a reso-
lution becausesaturationoccursbeforetheendof a single
turn. In subsequentsamplings(not shown) duringthis fill,
thescopeissaturatedassoonassamplingbegins.However,
thestructureof thesignalin figure1 closelyresemblespre-
viousresearchon this topic [4].

Accordingto thephysicalmodelsandsimulationresults,
we wereexpectingto collectelectroncloudcurrenton the
orderof �#��/�B duringelectronmultipacting.Thedetector
drivesanamplifierinputwith animpedanceof �#�=C . There-
fore, the expectedvoltageto beseenon the outputof our
32dBamplifieris 100mVminuscablelosses.

Duringfill 3107,thescopesaturatedduringthefirst turn
in which datawaslogged,correspondingto at least80mV
of collectedsignal.We canonly hypothesizethatthemax-
imum signalcollectedwasmuchlargerthan80mV before
thebeamwasaborted20secondslater.

SYSTEM LAYOUT

Thedetectorsarelocatedin thering at four major loca-
tions.Onegroup,having two detectors,is at the12o’clock
interactionregion. The other threegroupsare locatedin
straightsectionsin 12, 1, and 2 o’clock and are consti-
tutedof theotherninedetectors.Thesignalamplifiersare
all locatedin the ring within 5 feet of eachdetector. The



Figure1: Electrondetectorsignalfor oneturnduringelectronmultipacting.FY2003d-Au run,fill 3107

Figure2: Wall currentmonitorfor fill 3107,110bunches

high voltagepower supplies,oscilloscopes,RF multiplex-
ors,andtriggersourcesareall locatedin theservicebuild-
ing. The signalis carriedon 6D�!-�E E foam coreHeliax, and
the biasvoltageis carriedto the ring via RG-59red +#��C
highvoltagecoaxialcable.

ScopeandTrigger

To acquirethe signal readback from the detectors,an
ethernetreadyscopeis used. This scopeis the LeCroy
WaverunnerLM354 2GS/s4 channelscope.Thescopeis
triggeredon beameventsusingour VME triggercard,the
V124.

DetectorDesign

The detectorsare installed in a vacuum tee in the
beampipeona6.75” conflatflange.Thesignalis collected
on a singlecollectoranode,which is a flat metalplatethat
hasa surfaceareaof +#-;)F�#��GIH . Therearetwo suppression

grids on the beamside of the anodewhich eachhave a
transmittanceof 80%. To attemptto shield the detector
from RF noiseandimagecurrenteffects,the port is cov-
eredwith a perforatedsteelsheetthat hasa transmittance
of 23%.Therefore,theeffectivesurfaceareaof thecollec-
tor anodeis ���
)F+��#��GIH The two suppressiongrids andthe
collectoranodeareelectricallyconnectedto externalelec-
tronicsvia feed-thrusin theflange[5].

ControlsArchitecture

Our “Controls System”consistsof many VME chassis
andthe ethernetnetwork that connectsthem. Includedin
the VME chassisaredevice cardswhich may be dataac-
quisitiondevices,triggersources,muxes,etc.Thecontrols
systemallows for theremotecontrolof thesedevice cards
andthelogginganddisplayof thedatathatis readback.

Biasing

Thesuppressiongridsandthe anodeneedto have their
electricpotentialsspecifiedwith respectto ground.Usually
wedesirethesepotentialstobevariable.ISEGVHQ-202M
VME basedhigh voltagepower supplieswereusedwhen
a variablebias was needed. However, in the casethat a
fixedvoltageis suitable,batterieswereusedto reducethe
complexity andcostof thesystem.For nearlyall measure-
ments,we used45VDC to biasthe collectoranodes,and
groundedall of thesuppressiongrids.

SignalAmplifier

Muchwork wasdoneto choosethecorrectamplifierfor
the signal path. The signal is very small, and must tra-
versea largedistance(JK�!+#�LGI 1MN �O#� ) to our dataacquisi-
tion electronics.Currently, andsincethe systemwas in-



stalled,thesignalis amplifiedin thering usinganAC cou-
pledP amplifier. This amplifier is a widebandamplifier, the
SonomaInstruments310-N.This is theamplifier thatwas
usedto collectthedatain figure1.

The310hasa bandwidthof 10kHz-1GHz,anda gainof
32dB. It wasthoughtthatanAC coupledamplifierwould
bewell suitedfor thetask,but it seemsnow thatlower fre-
quency signalsarepresentandareshroudedby thelow fre-
quency cutoff of the310. Therefore,we aredevelopinga
new amplifierthatis DC coupled,andcanwithstandalarge
inputbiasvoltage.Thedetailsof thisdesignfollow.

DC AMPLIFIER DESIGN

Theapplicationspecificamplifieris aDC coupledtrans-
impedanceamplifierwhichcanwithstandarelatively large
input bias voltage,and hasa bandwidthof 25 MHz(see
Table 1). Sincewe assumethereis a DC componentof
theelectroncloud,we desirethat theamplifier is DC cou-
pled. However, we want to continueto monitor the high
frequency componentsof the signal. Basedon the struc-
tureof theelectroncloud,20MHz is thelowestacceptable
bandwidth.

Table1: Amplifier specifications
Specification Value
Bandwidth DC-25MHz
Input Impedance 1kC
VoltageGain 0dB
Max BiasVoltage 65VDC
BiasVolt. Rejection 103dBmin
OutputImpedance 50 C
NoiseFigure 10mV
PowerSupply Q 12VDC,120mA

ElectricalDesign

To allow the front-endto withstandlargebiasvoltages,
anamplifiercircuit thathasactivecommon-moderejection
waschosen.The circuit usedis similar to the onein the
literature[1], but hasa few modificationsto compensate
for sensitivity on theoutputto biasvoltagescausedby cur-
rentsinducedin theinput load. This wasnot a problemin
the literature,but our applicationis slightly different. By
usingthis amplifier, we areableto biasthedetectorup to
65VDC, while DC couplingoursignalpathto thedataac-
quisition electronics.The amplifier removesthe DC bias
from theoutputin a very robustway.

FrequencyDomainDesign

To attemptto extendthe bandwidthof the amplifier, a
dynamicmodelof thesystemwasdeveloped[3] [6]. The
actualresponseof the systemrolls off at lower frequency

thanthe modeledsystem,but hasa similar shape.A net-
work analyzerwasusedto obtaintheactualfrequency re-
sponse.Thelower bandwidthof theactualsystemis most
definitelytheresultof unmodeledparasiticelementsonthe
prototypeboard. A compensationschemewasdeveloped
to increasethe bandwidth[2]. For simplicity, a zero was
addedto the transferfunctionof theamplifierat about10
MHz.

Testing

Oneof our sparedetectorsresidesin an evacuatedtest
chamber. Also in this chamberis anelectrongun thatwe
useto testour detectorandamplifier electronics.We use
a Kimball Physicsfastpulsedelectrongun, modelEFG-
7/EGPS-7. We pulsethe gun at 1MHz between1% and
20%dutycycleto testthehighfrequency characteristicsof
the amplifier. Testswerealsoconductedto verify theDC
natureof theamplifierusingconstantelectroncurrentfrom
thegun[5].

FUTURE WORK

At thetime of this paper, theDC coupledamplifierhad
not yet beenusedin the ring. We plan to install one of
ourDC coupledamplifiersin thering duringourpolarized
protonoperationsthisspring.
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